Introduction
In recent meta-analysis, pituitary adenomas occurred with frequency of 14.4% (range: 1-35%) and 22 .5% (range: 1-40%) in pooled autopsy and radiological series, respectively [1] . These figures indicate that pituitary adenomas (PAs) are fairly common in the general population. The pituitary gland tissue is in close proximity to the brain, which means the invasive adenomas may invade into the cranial bone, sphenoid bone, or dura mater [2] . These aggressive behaviors are due to genetic and epigenetic regulation, hormone excess or insufficiency [3] , which suggested the imbalance of related regulatory genes was the potential risk of the tumorigenesis. These also make the early diagnosis and treatment be of great importance for the patients, prevent the appearance of visual defects, endocrine disorders and other symptoms [4] . Because of the limitation of access to human tissue, lack of human cell lines and lack of animal models [5] , the molecular mechanism of tumorigenesis and development are still unclear. Additionally, few markers have been identified to reliably predict the behavior of PAs. It is also urgent to find out a biomarker which is able to improve clinical management.
MicroRNAs (miRNAs) are endogenously expressed short noncoding RNAs. miRNAs can bind to 3`-untranslated region (3`-UTR) of target mRNA and result in the mRNA degradation or translational repression to regulate many physiological processes, such as embryonic development, disease occurrence, tissue regeneration and so on [6] [7] [8] [9] [10] . Bioinformatics has estimated that miRNAs may regulate 50% of all human genes, and each miRNA can control hundreds of gene targets [11] . Increasing number of studies suggested that miRNAs affect the progression, pathogenesis, diagnosis, and prognosis of cancer [12] . miRNA was critically involved in the proliferation and invasion progress in many kinds of tumor, such as gastric cancer, pancreatic cancer, breast cancer and colorectal cancer [13] [14] [15] [16] , while there's still not enough public research about how miRNA affect the proliferation and invasion of PAs.
miR-148b and miR-152 are members of the miR-148/152 family, which have been found to play an important role in regulating proliferation, differentiation, and apoptosis in various tissues such as tumor, non-tumor and normal tissues [17] . The miR-148/152 family worked as a suppressor in many kinds of cancer [18] [19] [20] . Altered expression of miR-152 in ovarian is related to cell proliferation [21] . In breast cancer, overexpression of miR-152 repressed cell proliferation by targeting IGF-1R and IRS1 to suppress AKT and MAPK signaling pathways [20] . Lower expression of miR-148b was positively associated with high tumor stage of non-small-cell lung cancer [22] . In cervical cancer, miR-148b significantly decreased the cell proliferation, invasion ability, and induced apoptosis [23] .These studies suggested the critical role of miR-152 and miR-148b in regulating the tumorigenesis. However, whether miR-148b and miR-152 can modulate PAs tumorigenesis or further development and the deeper regulatory mechanism still remains largely unknown.
Activated leukocyte cell adhesion molecule (ALCAM) is a transmembrane protein of immunoglobulin superfamily [24] , an identified ligand of CD6.ALCAM was found to play an important role in human malignant melanoma progression and formation of loco-regional and long distant metastases. High ALCAM expression indicates a more invasive phenotype of melanoma cells [25] . Similar to other coding genes, ALCAM works as the downstream target gene of miRNAs. Previous studies showed that ALCAM is regulated by miR-9, miR-483-5p and miR-126-5p and always relevant to invasive behavior in different tumors [26] [27] [28] . While, if ALCAM regulates the proliferation and invasion capacity of PAs cells and is regulated by miRNAs still remains unknown.
In this study, we found two miRNAs, miR-148b-3p and miR-152 were significantly downregulated in human PAs invasive tissues compared with noninvasive ones and also in PAs cells lines GH3 and MMQ compared with normal pituitary cells. Overexpression of miR-148b-3p, miR-152 could repress proliferation and invasion significantly and promotes apoptosis. miR-148b-3p and miR-152 could target the ALCAM mRNA 3'UTR. Overexpression of ALCAM promoted proliferation and invasion. Rescue experiments indicated that overexpression of ALCAM significantly restored the proliferation, apoptosis, and invasion regulated by miR148b-3p or miR-152.In conclusion, we determined the function of miR-148b-3p, miR-152/ ALCAM signaling pathway in regulating the proliferation and invasion, and providing a potential insight into further therapeutic targets or early diagnosing biomarkers of PAs. 
Materials and Methods
Cell culture and human tissue samples Rat PAs cell lines GH3, MMQ were used in this research and obtained from the American Type Culture Collection. GH3 cells were cultured in high-glucose DMEM (Sigma), supplemented with 10% (v/v) fetal calf serum (FCS) (Sigma), 100 U/ml penicillin and 100 μg/ml streptomycin sulfate (Sigma). MMQ cells were maintained in DMEM containing 15% horse serum, 2.5% FBS, 5 U/ml penicillin and 5 g/ml streptomycin. All the cells were incubated at 37°C in 5% CO2 atmosphere. For obtaining the pituitary cell, we removed the whole brain from the skull and left the pituitary gland in the hypophyseal fossa which can be picked out by tweezer. Pituitary gland was digested by gentle trypsinization. Pituitary cells were suspended in M199 medium with 10% FBS and cultured in Petri dishes 37 °C in a humidified atmosphere of 5% CO2 [29] . Human tissue samples were obtained from the Department of Neurosurgery, the Second Affiliated Hospital of Nanchang University. We collected 10 invasive PA samples and 10 noninvasive PA samples. Informed consent for the research was obtained before the biopsy. Pathologists and radiologists assisted us to distinguish invasive samples from noninvasive samples.
Luciferase reporter vector and transfection
The 3′-UTR segment of wild-type ALCAM mRNA, which possessed the binding site for miR-148b-3p, miR-152, was amplified from the MMQ DNA and cloned into the pGL3 vector. The sequences of primers are as follows: PF: 5'-GGCGTCGACAAGACAGCAACAGGCAAGAAAG AGC-3' (Sal1 enzyme); PR:5'-GGCTCTAG ATCGCTTCCTTCTTGTCTTCTTGTCT-3' (Xbal enzyme). The mutant miRNA-binding sites were obtained by replacing the miRNA-binding site sequence with miRNA seed sequences using the QuickChange Lightning Multi Site-Directed Mutagenesis Kit (Agilent Technologies, Santa Clara, CA, USA). The ALCAM expression vector was performed by cloning ALCAM-coding sequence into Fugw. The miR-148b-3p, miR-152 mimics, mimics control, inhibitor, and inhibitor control was purchased from Ribobio (Guangzhou, China) and was transfected into the cell by Lipofectamine 2000 (Thermo, USA).
ALCAM siRNA
The sequence of ALCAM siRNA were as follows: siRNA1: UUUGUAGAAGAUCUGAAUGCA. siRNA2 UGUUUGAGCUUCUUAUGCCUU.
ALCAM overexpression vector construction
Total RNA was isolated from GH3 cells for synthesizing cDNA by reverse transcription-PCR Kit (TIANGEN). The CDS sequence of ALCAM was amplified by primers as follows into the Fugw vector. So the miRNA cannot repress the protein translation of ALCAM. PF 5'-GGCGGATCCATGGCATCTAAAGGGTCCCC-3' (BamH1 site), PR 5'-GGCGAATTCTTAGGCTTCTGTTTTGTGATTGTTT-3' (EcoR1 site). The vector was transfected into cells for overexpression by Lipofectamine 2000 (Thermo) as the instruction.
Cell counting
We cultured the cells in the 6 well cell culture clusters. For cells counting, we made the cell suspension and used the Countstar cell count meter (Inno-Alliance Biotech, USA) to count the cell number per milliliter. Then we worked out the whole cell number in each well of different treated group. In the figures, we showed the statistics of the whole cells number in different groups.
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Cellular Physiology and Biochemistry than 12 h. Cells were seeded in the upper chambers where the medium is serum-free, while the medium in lower chambers contains 10% FBS. After incubated for about 15 h, 4% PFA was added into the transwell for 10 min. Cells were stained with Hoechst 33342 avoid light for 5 min and then washed 3 times with PBS. At last, 24-well plates should be observed under a fluorescence microscope to count the number of cells. We performed 3 independent experiments and chose more than 5 random fields of cells in each group for statistics.
Cell apoptosis analysis
Apoptosis rates were evaluated by flow cytometry (FACS Calibur, USA) by Apoptosis and Necrosis Assay Kit (Beyotime, China). According to the instruction of the kit, 195μl Annexin V-FITC combination solution was added to cell suspension. Then 5μl Annexin V-FITC and 10μl propidium iodide were added to the solution and incubated for 20min at the room temperature. After the incubation, cells were put on the ice for FACS detection.
Quantitative real-time PCR (qRT-PCR)
miRNA qRT-PCR The total RNA was isolated using RNAiso (Takara, Dalian, China). miRNA was subsequently reversetranscribed to cDNA using the miRNA-specific stem-loop reverse-transcription primer (Ribobio, Guangzhou, China). The amount of target gene expression (2 −∆∆Ct ) was normalized via the endogenous small nuclear RNA U6 using miRNA-specific primers (Ribobio). The reaction conditions were performed according to the instructions from Ribobio Co., Ltd with SYBR Green qPCR Mix (BioRad, Hercules, CA).
mRNA qRT-PCR cDNA was subsequently reverse-transcribed from mRNA by M-MLV Reverse Transcriptase (Takara). The PCR included 40 cycles of amplification using the Stratagene Mx3000P system with SYBR Green qPCR Mix (BioRad, Hercules, California). Expression of target genes (2 
Western blotting and antibodies
Cells were lysed with 1 × SDS-PAGE loading buffer and then transferred onto PVDF membranes (Millipore). Antibodies used " in this study were listed as follows: anti-GAPDH (ab97626, Abcam, Cambridge, MA, USA), anti-ALCAM (ab109215, Abcam, Cambridge, MA, USA). The antibodies dilutions were 1:2000. Signals were detected by enhanced chemiluminescence (ECL) (Thermo, USA). The image intensity of western blot was worked out by using Image J software.
Luciferase reporter assay
For prediction of the miRNAs target, we used the online tool of "Miranda" http://www.microrna.org/ microrna/home.do. and "targetscan" http://www.targetscan.org/vert_71/. Cells were seeded in 24-well plates at a density of 5 × 10 5 cells/ well, co-transfected with modified firefly luciferase vectors and miR148b-3p, miR-152 or control miRNAs mimics (Biotend, Shanghai, China) oligonucleotides. After 48 h of transfection, the cells were harvested and lysed. The activity of firefly luciferase was detected according to the instruction of the dual-luciferase assay system (Promega, Madison, WI, USA).
Hormone assays
Growth Hormone (GH) and Prolactin (PRL) concentrations in culture were measured using GH ELISA kit (CSB-E07342r, Cusabio, USA) and PRL ELISA kits (CSB-E06881r, Cusabio, USA), respectively.
Statistical analysis
Student's t-test, one-way ANOVA, and Mann-whitney test were used to test the significance of differences. The results were considered statistically significant when P values were < 0.05. All P values were indicated in the figures.
Results

miR-148b-3p, miR-152 represses the proliferation and invasion of PAs cells
We detected that the expression level of miR-148b-3p, miR-152 was lower in invasive pituitary adenoma patient cancer samples (n=10) than noninvasive ones (n=10) (Fig. 1A) . We hypothesized that miR-148b-3p, miR-152 may be the potential biomarkers for indicating the grade malignancy of PA or regulators of tumorigenesis. Then we found that the miR-148b-3p, miR-152 expression level of PAs cell lines, GH3 and MMQ, were significantly decreased compared with normal rat pituitary cells (Fig. 1B) . Then we transfected the miR-148b-3p and miR-152 mimics and detected the overexpression effect (Fig. 1C) in GH3 cells. We found that the decreased cell number was detected after the overexpression of miR-148b-3p and miR-152 (Fig. 1D) . Further experiment showed that the proliferation was inhibited by overexpressing miR-148b-3p, miR-152 (Fig. 1E) , whereas the apoptosis rate was increased at the same time in GH3 cells (Fig. 1F) and also in MMQ cells (for all online suppl. material, see www.karger.com/doi/10.1159/000485342, Fig. S1A and S1B ). Transwell invasion assay showed that overexpression of miR-148b-3p and miR-152 inhibited cells invasion ability in both GH3 cells (Fig.1G ) and MMQ cells (see supplementary material, Fig. S1C ). Transfection of miR-148b-3p inhibitor or miR-152 inhibitor which is the antisense nucleic acid of the miRNAs to repress the function of miRNAs in GH3 cells induced the increase of cell number (Fig. 1H) and proliferation (Fig. 1I) . The apoptosis was also decreased by transfection of miRNA inhibitor respectively (Fig. 1J) . Additionally, the invasion ability was also promoted by transfection of miRNA inhibitor (Fig. 1K) . Since GH and PRL were the hormones secreted by PAs. PA patients were troubled by the disordered secretion of the hormone. We detected two important hormones GH and PRL mRNA expression in the GH3 cell lines which overexpressed with miRNAs to find the induction of hormone regulation. We found that there's a little downregulation of the mRNA expression of GH, PRL in the cell lines overexpressed with miRNAs. We detected the expression of prolactin (PRL) and growth hormone (GH) mRNA in GH3 cells transfected with miR-152 or miR-148b-3p. There's a little downregulation of prolactin (PRL) and growth hormone (GH) compared with the control group (see supplementary material, Fig. S1D, S1E ).
miR-148b-3p, miR-152 downregulates the expression of ALCAM
To validate the influence of the miRNAs on ALCAM expression, we analyzed that overexpression of miR-148b-3p, miR-152 significantly downregulated the expression of ALCAM on both mRNA and protein level ( Fig. 2A and 2B) . By using bioinformatic tools (Miranda, targetscan) we found the miRNA-targeting sites of miR-148b-3p, miR-152 on the 3`-UTR of ALCAM (Fig. 2C) . We performed the luciferase reporter assay and found that miRNAs inhibited the luciferase expression of wild-type ALCAM 3`-UTR. By contrast, when mutant happened at the binding sites, the luciferase level showed no significant difference from the control group (Fig. 2D) .
ALCAM is critically involved in the proliferation and invasion of PAs cells
In order to detect the function of ALCAM, we overexpressed ALCAM in GH3 cell line to detect both of the mRNA and protein expression level (Fig. 3A) . Then we found that there're more cells in ALCAM overexpression group than in control group during the 72 h (Fig. 3B) . Overexpression of ALCAM promoted GH3 cells proliferation (Fig. 3C) . On the other hand, apoptosis was repressed by overexpressing ALCAM (Fig. 3D) . Besides, cells invasion was also promoted as a result of the upregulation of ALCAM (Fig. 3E) .
Further, we downregulated the expression of ALCAM by transfecting ALCAM-siRNA (Fig. 3F) and found that lower expression of ALCAM resulted in the cell number decreasing compared with control group (Fig. 3G) , because of the inhibition of proliferation (Fig.3H) and increasing apoptosis rate in GH3 cells (Fig. 3I ) and MMQ cells (see supplementary material, Fig. S2A and S2B ). Transwell invasion assay showed that the invasion of PAs cells was suppressed when transfected with ALCAM-siRNA ( Fig. 3J and see supplementary material,  Fig. S2C ).
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ALCAM mediated the influence ofmiR-148b-3p, miR-152 in PAs cells
To determine whether this two-miRNAs panel promoted cell proliferation and invasion by inhibiting ALCAM expression levels, we carried out rescue experiments by introducing exogenous ALCAM in these miRNAs overexpressed GH3 cells. We detected that overexpression of ALCAM significantly restored the ALCAM level which was repressed by overexpression of miRNAs ( Fig. 4A and 4F) . Notably, in contrast to the function of overexpression miR-148b-3p or miR-152 respectively, GH3 cell with overexpression of ALCAM showed a significant (Fig. 4B and 4G) . Predictably, the overexpression of ALCAM significantly restored the proliferation ability inhibited by overexpressing miRNAs (Fig. 4C and 4H) , and the apoptosis was inhibited as well ( Fig. 4D and 4I ), which were compared with the only miRNAs overexpressing groups. Additionally, the ability of invasion capacity of GH3 cells was restored by overexpression of ALCAM in the cells overexpressed with miR-148b-3p and miR-152, respectively ( Fig. 4E and J) . In MMQ cells, the overexpression of ALCAM noticeably restored the proliferation ability which was repressed by overexpressing miR-148b-3p and miR-152 (see supplementary material, Fig. S3A and 3B ). Overexpressing ALCAM also release the influence on promoting apoptosis rate caused by overexpression of miRNAs (see supplementary material, Fig. S3C  and S3D ). At the same time, the function of miRNAs in repressing invasion was blocked when overexpressing ALCAM (see supplementary material, Fig. S3E and 3F) . 
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Discussion
In this study, we found that the miR-148b-3p and miR-152 could affect the proliferation and invasion through inhibiting ALCAM in PAs. PAs is a common type of benign tumor of the central nervous system, but sometimes has aggressive behavior similar to malignant tumors [30] . Nowadays, the major diagnostic method is the imageology examination, and surgical treatment of pituitary tumors is the mainstream of traditional treatment methods. Aggressive initial PAs are difficult to resect completely, which often leads to tumor recrudescence [31] . Though little consensus about how invasive PAs constitute, the utility of biomarkers is rapidly evolving.
In general, one gene can be repressed by multiple miRNAs and one miRNA may repress multiple target genes, which results in the formation of complex regulatory networks [32] . miR-148 and miR-152 are in the same miRNA family and show the same seed sequence which is an important region for binding to mRNAs 3'UTR [17] . Theoretically, they target the same mRNA. Previous studies showed thatmiR-148/152 family can be the potential biomarkers in non-small-cell lung cancer and hepatocellular carcinoma [33, 34] . miR-148a, miR-148b, and miR-152 impair innate response and antigen presentation of TLR-triggered dendritic cells by targeting CaMKIIα [35] . MiR-148b, miR-152 suppressed DNA methyltransferase-1 (DNMT1) gene in pancreatic cancer cell lines to be a tumor suppressor [36] . These studies showed that these miRNAs showed the same expression trends, targets and function. There're critical relevance of miR-148/152 family and cancer.
In this study, we detected that the expression level of miR-148b, miR-152 was lower in invasive pituitary adenoma patient cancer samples than noninvasive ones. miR-148/152 family can also be detected from serum [33] . Further, we found that miR-148b-3p, miR-152 expression level of PAs cell lines, GH3 and MMQ, were significantly decreased compared with normal rat pituitary cells. So we used the GH3 and MMQ cell lines to mimic the PAs. Overexpression of miR-148b-3p and miR-152 could repress the proliferation and invasion of PAs cell lines. This result suggested that the downregulation of miR-148b-3p, miR-152 genes might be associated with the regulation of PAs growth, which suggested that miR-148b-3p, miR-152 might be the potential targets for further treatment for PAs. It is noticeable that miR-148b-3p and miR-152 played opposite roles in different cancers. In plasma, Cuk et al. noted that miR-148b was significantly upregulated in breast cancer patients [37] . Especially, the studies of Song et al. showed that miR-148b was downregulated in gastric cancer [38] , colorectal cancer [19] and suppressed cell growth by targeting cholecystokinin-2 receptor(CCK2R). Differently, down-expression of miR-152 could lead to the impaired antitumor effect of killer cell in hepatocellular carcinoma via upregulation of HLA-G [39] . In endometrial cancer, Tsuruta et al. found miR-152 worked as a tumor suppressor silenced by DNA hypermethylation [40] .
Targeted molecular therapeutics based on miRNAs hold great promise for the development of less toxic and more effective personalized treatment strategies for cancer [41] . The field of miRNAs is rapidly advancing toward in vivo delivery for therapeutic purposes. Interestingly, the bioinformatics also suggested that not only can in rat cells, miR148b-3p, miR-152 could also bind on the ALCAM mRNA 3'UTR in human beings (data not show). We will further detect the function of these miRNAs in human PAs. Several miR-148b, miR-152 direct target genes have been identified and experimentally confirmed in various studies [19, 35, 38, 42, 43] . Previous studies showed that miR-152 reduced invasion by targeting MMP3 in glioma [44] . miR-152 also suppressed migration and invasion through targeting FGF2 in NSCLC cell [45] . miR-148a promotes apoptosis of colorectal cancer by targeting Bcl-2 [46] . miR-152 represses the tumor growth of endometrial cancer [40] . miR148b regulated by BRG1inhibits proliferation and metastasis lung cancer [47] . These studies suggested the critical role of miR-148/152 family on regulating tumorigenesis.
We identified that ALCAM was a target of miR-148b-3p, miR-152 as well. This result suggested that miR-148b-3p and miR-152 provided epigenetic modulation on the level of ALCAM. ALCAM is a member of the cell surface immunoglobulin superfamily and is involved Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry in homo-and heterophilic cell-cell interactions [48] . Previous study indicated strong cytoplasmic ALCAM expression was detected in aggressive breast cancer, possibly because ALCAM localize to the membrane to perform cell adhesion roles [49] . Actually, higher ALCAM expression is suggested to poor prognosis in various cancers [50, 51] . Here, we found a significant increase of ALCAM, as a direct consequence of reducing miRNAs. And the high expression of miR-148b-3p and miR-152 further repressed the expression of ALCAM, which led to the lower ability of invasion in PAs. These may also suggest the function of ALCAM to be the biomarker for clinical treatment. All these data were consistent with the phenomenon reported in the breast cancer [49] . Therefore, these findings suggest that in PAs cells miR148b-3p, miR-152/ ALCAM signaling axis play important role in regulating tumor growth.
Conclusion
MiR-148b-3p and miR-152 were low expressed in rat PAs and might serve as an antioncogene through repressing the proliferation and invasion by repressing ALCAM. Inves tigation on the function of miR-148b-3p, miR-152/ ALCAM signaling axis may lead to the novel therapeutic and diagnostic approaches for pituitary adenomas treatment.
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